Objective-To assess the value of transoesophageal echocardiography in the preoperative definition of systemic and pulmonary venous connections.
Abstract
Objective-To assess the value of transoesophageal echocardiography in the preoperative definition of systemic and pulmonary venous connections.
Design-Transoesophageal echocardiographic studies were performed prospectively under general anaesthesia in 76 consecutive unoperated children. Results were compared with those obtained by earlier transthoracic ultrasound studies (n = 76), cardiac catheterisation (n = 62), and subsequent surgical inspection (n = 58).
Setting-Two tertiary referral centres. Patients-76 unoperated infants and children (age 02-14-8 years, mean age 4-1 years) with congenital heart disease.
Main outcome measure-Identification of anomalous systemic and pulmonary venous connections.
Results-Transoesophageal studies showed anomalous venous connections in 14 patients. Two had both anomalous systemic and pulmonary venous connections. Transoesophageal studies showed 12 anomalous systemic venous connections in nine patients. In eight patients these were confirmed at operation or catheterisation: one patient is awaiting operation. Six anomalous systemic venous connections were missed during earlier transthoracic studies. Anomalous pulmonary venous connections (one mixed total, six partial) were shown in seven patients. These were confirmed at operation in six and by cardiac catheterisation in one. Four of these patients were missed during earlier transthoracic ultrasound studies. No studies. The age at investigation ranged from 2 5 months to 14-8 years (mean of 4 1, median 2-8 years). The body weight ranged from 3-7 kg to 48 kg (mean 13 9 kg, median 11-7 kg). Nineteen patients were less than a year old.
All 76 infants and children were studied under general anaesthesia. This was given in 46 consecutive children for scheduled cardiac catheterisation and in a further 18 consecutive children for subsequent surgical correction. In the remaining 12 selected patients with complex congenital heart disease elective transoesophageal studies were performed under general anaesthesia on a day care basis. Transoesophageal studies were performed and interpreted by an investigator who was unaware of any earlier findings obtained by cardiac catheterisation or angiocardiography, which had been carried out in 15 patients.
SCANNING EQUIPMENT
The first 17 patients were studied with an Aloka 24 element paediatric transoesophageal probe connected to an Aloka SSD 870 ultrasound system. The next 59 patients were studied with The maximal tip circumference of both probes was 30 mm (7 x 8 mm and 5 x 10 mm respectively) and the maximal shaft diameter was 7 mm. Probe tip manipulation was restricted to anterior/posterior angulation only.
TECHNIQUE
After sufficient lubrification with anaesthetic gel, the transoesophageal probe was inserted either blindly or under direct laryngoscopic vision into the hypopharynx and then was advanced into the lower third of the oesophagus. No additional antibiotic prophylaxis was administered for the study. In every patient we completed a standardised scheme of investigation (to include cross sectional imaging and colour flow mapping studies) to assess the atrial arrangement, the atrioventricular and ventriculoarterial junctions and the intracardiac morphology'" using the standard transverse axis scan planes.'213 The atrial arrangement was defined by direct visualisation of both atrial appendages, according to the criteria previously described by our group.'4 The morphology of the systemic venous and the pulmonary venous connections was thoroughly examined by the techniques described below. ASSESSMENT connections were readily documented by transoesophageal studies in all 76 patients studied from the views described above. Systemic venous return was defined as normal in 67 children.
Transoesophageal studies showed a left persistent superior vena cava (table 1) in seven patients. The course of the vessel, running anterior to the left pulmonary artery (fig 2) and interposed between the left sided pulmonary veins and the left sided atrial appendage, was demonstrated in all seven patients by combined cross sectional imaging and colour flow mapping. The left persistent superior vena cava was demonstrated draining into the roof of the left sided atrium in three patients (cases 3, 8 and 11). In none of these patients had this anomaly been identified during earlier transthoracic ultrasound studies (table 2). The anomaly was confirmed at operation in two patients and by selective angiocardiography in the remaining patient. In four patients (cases 2, 5, 12 and 14) the left persistent superior vena cava was shown to be connected to the coronary sinus ( fig  3) . This had been identified during earlier transthoracic studies in three patients, two of whom had additional confirmatory contrast echocardiographic studies. An unroofed coronary sinus in patient 5 (table 1) was not recognised during either the transoesophageal or the transthoracic ultrasound study; the lesion was only identified at surgical correction. Connection of a left persistent superior vena cava to the coronary sinus was subsequently confirmed by surgical inspection in both patients who underwent correction and by cardiac catheterisation in all four.
Anomalies of the right superior vena cava were shown by transoesophageal studies in two patients. In one child with atrial situs solitus (case 12) an interrupted right superior vena cava was detected. The persistent left superior vena cava in this child was shown to be connected to the coronary sinus. The earlier transthoracic study was ambiguous about the presence of a right superior vena cava, which was definitively excluded at subsequent cardiac catheterisation. In the second patient, who had right atrial isomerism (case 13), the right sided superior vena cava was shown to be connected to the left side of the remnant of the atrial septum (fig 4) . Neither right sided atrium (fig 6) . Transthoracic studies had shown this abnormality in only one patient (case 6). All three patients had a sinus venosus atrial septal defect. Additional defects in the secundum septum were present in two of these (cases 7 and 9), in whom earlier transthoracic studies had not defined partial anomalous pulmonary venous drainage. Anomalous connection of the left upper pulmonary vein to a left persistent superior vena cava was documented by the transoesophageal study in one patient (case 12). The earlier transthoracic study had suggested normal venous connections. In five of these six children in whom transoesophageal ultrasound defined a partial anomalous pulmonary venous connection the findings were later confirmed by subsequent surgical inspection. In the sixth patient (case 12) it was confirmed by cardiac catheterisation.
One child with total anomalous pulmonary venous connection (case 10), as defined by transthoracic ultrasound scans, was shown to have a mixed type of connection during the transoesophageal study. Three pulmonary veins drained to the coronary sinus; the left upper pulmonary vein drained via a vertical vein to the innominate vein. The demonstration of turbulent flow patterns in this vessel during the earlier suprasternal study led to this finding being misinterpreted as total anomalous supracardiac pulmonary venous connection. On a subsequent review of the transthoracic study mixed total anomalous drainage was suggested; however, the individual site of drainage of all four pulmonary veins was not demonstrated. The transoesophageal finding was confirmed by subsequent cardiac catheterisation and later at surgical inspection.
NORMAL VENOUS CONNECTIONS
In fourteen of the 76 children studied' anomalous venous connection was identified by transoesophageal studies. In the remaining 62 children the transoesophageal ultrasound studies showed normal systemic and pulmonary venous connections. In all of these patients the findings were subsequently confirmed by surgical inspection or cardiac catheterisation.
Complications related to the transoesophageal studies were encountered only one child (4 7 kg) with severe pulmonary hypertension, who had a hypertensive crisis after the introduction of the probe. With appropriate anaesthesia the study was successfully completed. None of the patient's showed signs of oesophageal bleeding or trauma.
Discussion
The definition of both the systemic and pulmonary venous connections to the heart is an integral part in the diagnosis of congenital heart disease. It is essential in every patient who is being considered for total surgical correction.
TRANSTHORACIC ULTRASOUND
Transthoracic ultrasound is a sensitive method of detecting anomalous venous connections in small children, who have good transthoracic ultrasound windows.46 However, in older children or in those with complex cardiac malformations the transthoracic approach is frequently limited in clinical practice. In this series of patients the relatively poor results in the transthoracic identification of anomalous systemic venous connections were presumably in part related to the older age of these patients (mean age 9 9 years).
The definition of the site of connection of all four pulmonary veins by transthoracic ultrasound studies is difficult in children beyond infancy. Thus the correct identification of partial anomalous pulmonary venous connections or the differentiation of total from mixed total anomalous pulmonary venous connection and the subsequent determination of the exact site of the venous connections is often impossible. In this series both the nature ofthe lesions encountered together with the age of the patients (mean age 6-7 years) may explain the low incidence with which partial anomalous pulmonary venous drainage was identified by the transthoracic approach. Finally, transthoracic pulsed wave Doppler interrogation of individual pulmonary vein flow patterns, which can detect pulmonary vein obstruction'516 is not always possible in the older child.
CARDIAC CATHETERISATION AND ANGIOCARDIOGRAPHY
Cardiac catheterisation with angiocardiography is a highly sensitive technique in the preoperative definition of the systemic venous connections to the heart. However, the assessment of the pulmonary venous connections by selective pulmonary artery contrast injections may not provide diagnostic information. This is particularly true of patients in whom there is slight obstruction of the abnormal connection. Subtle morphological details such as the relation of the site of the venous connections to the interatrial septum in patients with sinus venosus atrial septal defects or in those with complex congenital heart disease with a largely deficient interatrial septum are difficult to assess by angiocardiography.
TRANSOESOPHAGEAL ECHOCARDIOGRAPHY
Transoesophageal echocardiography is a newer method of assessing congenital heart disease:
With the availability of dedicated paediatric transoesophageal transducers it has now become a feasible and safe technique even in small children.'01' The proximity of the transducer to the atrial chambers and to the sites of venous return potentially allows for an improved evaluation of these structures. During a prospective study protocol the value of this technique in the definition of both systemic and pulmonary venous connections was assessed. All transoesophageal studies were performed and interpreted by investigators who were blinded to the results of cardiac catheterisation. The study population consisted of two groups. The larger group consisted of consecutive patients being studied while undergoing cardiac catheterisation or total surgical correction and a smaller group consisted of those with complex congenital heart disease who were selected for elective transoesophageal studies carried out on a day care basis.
SYSTEMIC VENOUS CONNECTIONS
A left persistent superior vena cava draining to the coronary sinus was readily identified on both cross sectional imaging and colour flow mapping in all patients. Such vessels were found to be interposed between the left sided 
